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Description 


BACKGROUND OF THE INVENTION 


1. Field of the Invention 


[0001] The present invention relates to aircraft, and 
more particularly to a system for enabling an aircraft to 
accomplish extremely short takeoffs and landings. 


2. Description of the Related Art 


[0002] Navy and Marine aircraft design for carrier op- 
erations have significant structural weight and cost pen- 
alties to withstand the loads associated with catapult 
launch and arrested landings. The speeds at which car- 
rier aircraft land lead to high pilot workload and safety 
problems. Current vertical/short takeoff and landing (V/ 
STOL) aircraft (e.g. AV-8B Harrier) have weight, cost 
and useful load penalties associated with the "vertical" 
capable engine. Current Air Force aircraft have no real 
capability to operate from bomb damaged runways. Civil 
aircraft often resort to exotic high lift systems to operate 
from short runways, which adds both weight and cost to 
such aircraft. Certain new concepts such as those ap- 
plied to the Joint Strike Fighter (JSF) attempt to provide 
all these capabilities but at significant added weight and 
cost. 

[0003] Initial purchase and ownership costs for both 
military and civil aircraft have become a deciding factor 
in successive new and upgraded/modified aircraft. 
Weight is a paramount consideration in determining 
cost, as well as operational capability/flexibility. A con- 
cept is required that will allow very short takeoffs and 
landings without the traditional weight and cost penal- 
ties. 

[0004] US-A-2,761,634 discloses an aircraft that sits 
statically with a pronounced nose-up attitude. It also us- 
es propellers (and depends on slipstream effects of 
these propellers) and a very large flap on the wing to 
prevent stalling. 

[0005] US-A-2,971,725 discloses the use of multiple 
jet engines, two of which rotate to provide thrust vector- 
ing. 

[0006] US-A-3,995,794 discloses an aircraft provided 
with two wings and a top wing having engines attached 
thereto. The wing and engines are capable of rotating 
to provide a thrust vectoring effect. 

[0007] | US-A-5,098,034 discloses an aircraft having 
rotating wings with a very complicated flap system and 
propellers (taking advantage of propeller slipstream ef- 
fects) in front of the wing blowing over it to prevent stall. 
[0008] US-A-4,687,158 discloses a jump strut landing 
gear apparatus for providing an aircraft with a shorttake- 
off and landing capability. The apparatus utilizes incre- 
mentally fired, pyrotechnic charges to explosively gen- 
erate the required compressed fluid to drive the appa- 
ratus. 
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[0009] US-A-5,351,888 discloses a multi-axis vector- 
able exhaust nozzle. A convergent-divergent exhaust 
nozzle is mounted to an exhaust duct of a jet aircraft 
engine by a circumferentially-spaced set of hydraulic 
cylinders. The cylinders are interconnected in captured 
flow via hydraulic circuits, which allow the cylinders to 
function as a gimbal mounting. 

[0010] US-A-4,261,533 discloses a technique for con- 
trol of an aircraft in ultra-deep stall. Tilting the stabilizer 
at an extreme angle to the fuselage, with leading edge 
down, and controlling an varying engine thrust comprise 
a method for all-axis control of a generally conventional 
aircraft in ultra-deep stall. 

[0011] US-A-4,896,846 disclose a technique to per- 
form a post-stall maneuver for aircraft combat. The air- 
craft utilizes a highly deflective canard and engine thrust 
vectoring. 

[0012] None of the aforementioned patents provide a 
means of using conventionally mounted jet engines with 
thrust vectoring, fixed wings, and simple flap systems to 
affect short takeoffs and landings. 


OBJECTS AND SUMMARY OF THE INVENTION 


[0013] Itis, therefore, a principal object of the present 
invention to provide an aircraft with the capability of hav- 
ing extremely short takeoffs and landings without the de- 
sign penalties commonly associated with V/STOL air- 
craft. 

[0014] It is another object to provide a fixed wing jet 
propelled aircraft capable of post-stall takeoff and ap- 
proach speeds. 

[0015] И is still another object to provide methods for 
accomplishing the aforementioned extremely short 
takeoffs and landings. 

[0016] These and other objects are accomplished by 
a system as set forth in claim 1, an aircraft as set forth 
in claim 13, and a method as set forth in claim 18. Pre- 
ferred embodiments of the present invention may be 
gathered from the dependent claims. 

[0017] The present invention provides the capability 
for an aircraft to accomplish extremely short takeoffs 
and landings. As used herein, the term "extremely" short 
takeoffs and landings refers to takeoff and landing dis- 
tances in a range of from about 91.5 to 244 m (300-800 
feet). (This is accomplished by reducing the takeoff and 
landing speeds to between about 111 to 185 km/h (60 
to 100 knots).) 

[0018] As will be disclosed in detail below, the present 
invention relates to the application of an aircraft having 
an integrated flight propulsion system and capable of 
post-stall flight operations to enable takeoffs and land- 
ings at speeds below the aerodynamic stall speed of the 
aircraft. An aircraft flown in this manner is capable of 
extremely short takeoff and landing distances. 

[0019] As compared to conventional aircraft, the 
present invention allows lower approach speeds, which 
are safer (i.e. fewer accidents). The present invention 
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allows use of shorter runways. For military aircraft this 
means that previously unsuitable forward bases are 
now accessible. For commercial aircraft this means that 
operations out of short runways in downtown areas are 
now possible. 

[0020] As compared to current Navy aircraft, capable 
of takeoff and landing from an aircraft carrier, the lower 
approach speeds possible with the present invention 
make arrested landings easier for the pilot to perform. 
The lower approach speeds result in a less loads on the 
landing gear at touchdown. This allows the landing gear, 
and the entire aircraft to be made lighter. To takeoff from 
an aircraft carrier, current Navy aircraft require a cata- 
pult. To land on an aircraft carrier, current Navy aircraft 
require an arresting gear. The short takeoff and landing 
distances of an aircraft with the present invention make 
it possible to takeoff and land from amphibious ships 
that do not have catapult and arresting gear. 

[0021] As compared to current V/STOL jet powered 
aircraft (e.g. AV-8B), the present system has the advan- 
tage of not requiring a specialized fore and aft thrust vec- 
toring engine, or dedicated lift engines/fans. This makes 
the aircraft lighter and less complicated. It also makes 
supersonic flight much easier to accomplish. 

[0022] The new generation of military fighter and at- 
tack aircraft will be equipped with thrust vectoring noz- 
zles (e.g. F-22). For an aircraft thus equipped, there is 
little or no weight penalty associated with adding the ca- 
pabilities embodied in the present invention. This allows 
an aircraft to enjoy the advantages of low takeoff and 
landing speeds and distances, without the weight/cost/ 
complexity penalties of V/STOL aircraft. 

[0023] Other objects, advantages and novel features 
of the present invention will become apparent from the 
following detailed description of the invention when con- 
sidered in conjunction with the accompanying drawings. 


BRIEF DESCRIPTION OF THE DRAWINGS 
[0024] 


Figure 1 is a top plan view of an aircraft of the 
present invention. 

Figure 2 is a side elevational view of the aircraft of 
Figure 1. 

Figure 3 is a front view of the aircraft of Figure 1. 
Figure 4 is an enlarged side view of the rear portion 
of the Figure 1 aircraft, illustrating the tail wheel as- 
sembly. 

Figure 5 is a bottom view of the rear portion of the 
aircraft. 

Figure 6 is a schematic view of the aircraft in a typ- 
ical post-stall approach, with nomenclature added 
to provide a clearer understanding of the Detailed 
Description 

Figure 7 is a graph of approach speed versus ap- 
proach angle of attack. 

Figure 8is a graph of landing distance versus touch- 
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down speed with two conditions, 1) brakes alone, 
and 2) brakes and thrust reversing. 

Figure 9 is a side view of the aircraft, illustrating 
main gear touchdown angle of attack. 

Figure 10 is a side view of the aircraft illustrating the 
tail scrape angle. 

Figure 11 is a schematic illustration of the landing 
sequence of events. 

Figure 12 is a graph of takeoff distance versus take- 
off speed showing a range of thrust-to-weight be- 
tween 0.5 and 1.0. 

Figure 13 is a graph of takeoff speed versus angle 
of attack with a range of thrust vector angles be- 
tween 0 and 10°. 

Figure 14 illustrates a takeoff sequence of events 
utilizing a ski jump ramp. 

Figure 15 illustrates a takeoff sequence of events 
utilizing a jump strut on the nose gear. 

Figure 16 illustrates a takeoff sequence of events 
in which the jump struts are located on each main 
gear. 

Figure 17 is a side elevational view of another em- 
bodiment of the aircraft in which the fuselage, inter- 
nal components thereof and the landing gear are 
arranged and constructed so as to provide a short 
thrust moment and a large tail scrape angle. 
Figure 18 is another side elevational view ofthe first 
embodiment so as to show a side-by-side compar- 
ison with the Figure 17 embodiment. 

Figure 19 illustrates the takeoff sequence of events 
for the aircraft shown in Figure 17. 

Figure 20 shows the landing sequence of events for 
the aircraft shown in Figure 17. 


[0025] The same elements or parts throughout the fig- 
ures are designated by the same reference characters. 


DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 


[0026] Referring to the drawings and the characters 
of reference marked thereon, Figures 1-3 illustrate a 
preferred embodiment of the aircraft of the present in- 
vention, designated generally as 10. Aircraft 10 com- 
prises a fuselage 12 and a wing 14 mounted to the fu- 
selage 12. A conventional fuselage 12 and wing 14 may 
be utilized. A tricycle landing gear, comprising a nose 
gear 16 and two main gear 18, is attached to the fuse- 
lage 12. The tricycle landing gear may be designed with 
a need to withstand only about a 3.05 m (10 ft.) per sec- 
ond landing load. This provides a weight reduction over 
landing gear on aircraft designed to accomplish short 
landings on aircraft carriers, which are designed to with- 
stand 7.32 m (24 ft.) per second landing load. 

[0027] A takeoff and landing system enables the air- 
craft to accomplish extremely short takeoffs and land- 
ings (ESTOLS). The takeoff and landing systems com- 
prises an integrated flight propulsion control system (IF- 
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PCS), including a control system electronics 20 and 
multi-axis thrust vectoring system (nozzle) 21. The IF- 
PCS also includes a jump strut 22 or other type of takeoff 
System; a tail wheel assembly or landing system 24 and 
a high thrust-to-weight propulsion system 26. The vec- 
toring nozzle 21 of the integrated flight propulsion con- 
trol system may be any one of several types, which pro- 
vide multi-axis thrust vectoring capability. The example 
shown in Figures 1-3 is a paddle-type nozzle developed 
by Rockwell International Corporation and Messersch- 
mitt Bólkow Blohm (MBB) for the X-31 Aircraft. An ex- 
ample of another type of nozzle, an AVEN nozzle, is de- 
scribed in US-A-5,351,888. A third type of nozzle has 
been used on a F-15 SMTD, described in Society of Au- 
tomotive Engineers, Inc. paper 872383, published in 
1988, entitled "The F-15 STOL and Maneuver Technol- 
ogy Demonstrator (S/MTD) Program". 

[0028] The jump strut 22 can be any of several exist- 
ing designs. US-A-4,687,158 discloses a possible de- 
sign. NASA-Technical Memorandum -108819, Septem- 
ber 1994, entitled "Flight Investigation of the Use of a 
Nose Gear Jump Strut to Reduce Takeoff Ground Roll 
Distance of STOL Aircraft" describes another possible 
design. 

[0029] The high thrust-to-weight propulsion system 
26 may be of a conventional type that produces a thrust 
component, which, when combined with the aerody- 
namic lift, is equal to, or greater than, the weight of the 
aircraft 10. To generate this thrust, the engine may or 
may not have an afterburner. 

[0030] Although the main gear 18 has been illustrated 
as being attached to the fuselage 12, it is understood 
that it could be alternately attached to the wing. 

[0031] The control feedback system electronics of the 
IFPCS generates the necessary signals to control the 
deflections of the aerodynamic surfaces (e.g. rudder, ai- 
lerons, flaperons, etc.). The unit can be any of several 
commercially available units, such as those currently in 
F-16 and F-18 aircraft. For the application, the unit is 
modified to include signals for thrust vectoring deflec- 
tions. Further, the control law software (which translates 
pilot stick and rudder commands to control surface de- 
flections) is modified to include thrust deflection and 
treatit exactly as any ofthe primary aerodynamic control 
surfaces. In so doing, the control laws can simultane- 
ously generate an optimum mix of control surface and 
thrust deflections to maintain aircraft stability during low 
speed flight. 

[0032] Referring now to Figures 4-5, an enlarged view 
of the rear of the aircraft 10 is shown to more clearly 
show the tail wheel assembly 24. The tail wheel assem- 
bly 24 includes a shock absorbing strut 28, which is at- 
tached to the fuselage 12. Strut 28 can be of a passive 
design, or actively controlled by the integrated flight pro- 
pulsion control system 20, 21 to provide a variable 
damping force. A castoring wheel assembly 30 enables 
the thrust vectoring system to provide yaw control with 
the tail wheel assembly in contact with the ground. A 
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drag strut 32 connected to the fuselage 12 positions the 
castoring wheel assembly 30 and transfers the fore and 
aft loads to the fuselage 12. It could be articulated to 
facilitate retraction of the tail wheel assembly 30. 
[0033] The aircraft 10 is capable of controlled flight at 
high angles of attack during takeoff and landing. It is, 
therefore, capable of flying at relatively low speeds. As 
a consequence, the takeoff and landing distances can 
be made very short. 

[0034] Referring now to Figure 6, an aircraft 10 is 
shown engaged in the typical post stall approach, in ac- 
cordance with the principles of the present invention. 
The descent flight path angle y (glide slope) is typically 
about -4?. The aircraft must be trimmed during post-stall 
approach. For a trimmed solution, the following equilib- 
rium equations must be solved 


Weight = C, qS + Thrust x sin(a +87) 


Thrust X cos(a + ду) = CoqS 


Thrust х sin(87) X Тдрм = CuqSc 


Where: 


C, is the aerodynamic lift coefficient at approach o 
q is the dynamic pressure (0.59 V2) 
where: 


p is the air density 
V is the approach velocity 


S is the wing reference area 

a is the approach angle of attack 

ó+ is the trust deflection angle 

Cp is the aerodynamic drag coefficient at approach 
о 

Tarm is the thrust moment arm (Хтнвузт - Хесе) 
См is the aerodynamic pitching moment coefficient 
at approach a 

с is the mean aerodynamic chord (MAC) 


[0035] Note also that aerodynamic drag force=Cpqs, 
aerodynamic lift їогсе=С д5 and aerodynamic mo- 
ment-CyqSc. Figure 6 depicts these forces. 

[0036] Solving these equations simultaneously with 
values typical of a lightweight fighter aircraft yields a re- 
lationship between approach speed (velocity) and ap- 
proach angle of attack, as depicted in Figure 7. This fig- 
ure shows that the approach speed is inversely propor- 
tional to the angle of attack over a wide range of angles 
between 30? and 70°. 

[0037] The landing distance (Sg) of any aircraft is di- 
rectly proportional to the square of the touchdown 
speed. This distance is independent of the aircraft size 
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and weight. It can be determined approximately by the 
following relation. 


а 
Sg = 2 Утрдњ 
where: 


VD is the touchdown velocity 
g is the acceleration due to gravity 
Hp is the braking friction coefficient (typically 0.4) 


[0038] The primary means of stopping an aircraft is 
with wheel brakes. However, thrust reversing can sub- 
stantially reduce the stopping distance. Using weight 
and braking coefficient values typical of a lightweight 
fighter, the relationship between speed and landing dis- 
tance is depicted in Figure 8. This figure also shows the 
contribution of a nominal amount of thrust reversing. 
[0039] А conventional aircraft will approach at approx- 
imately 15° angle of attack, which results in a touchdown 
speed of 222 km/h (120 kts) and a landing distance of 
366 m (1200 ft), An aircraft utilizing the principles of the 
present invention will approach with a high angle of at- 
tack of between about 40° and 70°. This results in touch- 
down speeds between about 185 km/h and 111 km/h 
(100 kts and 60 kts). These low approach speeds yield 
landing distances between about 255 m and 91.5 m 
(835 ft and 300 ft), which is up to a 75% improvement 
over conventional aircraft. 

[0040] During the low speed, high angle of attack ap- 
proach the IFPCS must control the aircraft and provide 
a substantial portion of the lift needed to support the air- 
craft in flight. 

[0041] Referring to Figure 9, to successfully complete 
the post-stall landing, the aircraft must de-rotate from a 
high angle of attack to a main gear touchdown angle of 
attack sufficiently low to avoid scraping the tail of the 
aircraft 10. The main gear touchdown angle of attack 
(which is the same in magnitude as the tail scrape angle, 
see Figure 10) may be typically between about 10? to 
30°. (As will be discussed below with respect to another 
preferred embodiment, the touchdown angle of attack 
may be made substantially higher). Such a de-rotation 
may be accomplished by use of the tail wheel assembly 
24 with the castoring wheel assembly 30. 

[0042] During de-rotation, yaw control of the aircraft 
is maintained using the thrust vectoring capability of the 
IFPCS. For yaw control the thrust vectoring must gen- 
erate a side-to-side movement of the aircraft tail. During 
de-rotation, the tail wheel is in contact with the ground. 
Here, a conventional fixed tail wheel would prevent side- 
to-side movement of the aircraft tail, while the castoring 
wheel assembly 30 allows this side-to-side movement. 
The shock absorbing strut 28 of the tail wheel assembly 
24 can be of either conventional passive viscous damp- 
ing construction, or variable damping which is actively 
controlled by the IFPCS to prevent tail strike, while min- 
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imizing the nose down pitch rotation. 

[0043] An alternate method for de-rotating the aircraft 
might comprise a thruster system mounted in proximity 
to the aircraft nose for providing a jet efflux in the down- 
ward direction so as to generate lift and control the rate 
of de-rotation. 

[0044] Referring now to Figure 11, the landing se- 
quence of events is summarized: 

[0045] In step 1 the landing gear is extended and the 
aircraft is pitched up to a high angle of attack, steady- 
state post stall approach using the IFPCS. The aircraft 
is stabilized on a glide slope of about -4? at a speed 
between about 111 and 185 km/h (60 and 100 kts), so 
as to provide a rate of descent of 3.05 m (10 ft.) per 
second or less. At this speed, the aerodynamic control 
surfaces are ineffective, so stability is maintained with 
the thrust vectoring system. At the approach pitch atti- 
tude, the thrust pitch angle will be very nearly zero, 
hence no pitching moment will be generated. 

[0046] In step 2, the aircraft contacts the ground with 
the tail wheel and the nose begins to rotate down. The 
thrust is vectored from side-to-side (yaw) as needed to 
maintain the aircraft in a straight line down the runway. 
[0047] In step З the aircraft has rotated down until the 
main landing gear has contacted the ground. At this 
point, the thrust is vectored up to slow the rotation of the 
aircraft Side-to-side vectoring is continued as necessary 
to control the aircraft. 

[0048] In step 4 the aircraft has rotated down until the 
nose landing gear has contacted the ground. The anti- 
lock brakes on the main landing gear are automatically 
actuated through a switch that senses nose gear ground 
contact. If a thrust reversing system is employed (not 
essential for the present invention) it is actuated at this 
time. Aircraft steering is accomplished using the nose 
landing gear. 

[0049] The most powerful means to achieve a short 
takeoff distance is to reduce the takeoff speed of the 
aircraft. One way to reduce the takeoff speed is to in- 
crease the angle of attack that the aircraft can generate 
during the takeoff run. The analytical discussion that fol- 
lows will show that a modest 15% increase in the takeoff 
angle of attack can reduce the takeoff distance by 5096. 
Utilization of the principles discussed hereinafter can in- 
crease the takeoff angle of attack by up to 5096. 
[0050] Historically, with conventional aircraft, the 
takeoff angle of attack has been limited by either the tail 
scrape angle or stall speed. The ski-jump takeoff tech- 
nique developed by the United Kingdom Royal Navy 
provides a means for an aircraft to rotate to a higher 
angle of attack than the tail scrape angle. This technique 
is described in a special report entitled "The Jet V/STOL 
HARRIER" by John W. Fozard, published by British Aer- 
ospace Aircraft Group, July, 1978; pages 122-159. Con- 
ventional aircraft using this technique are still limited to 
speeds above stall because the aerodynamic control 
surfaces are needed to maintain aircraft stability. By in- 
corporating an IFPCS 20 and a high thrust-to-weight en- 
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gine 26, it is possible to takeoff below stall speed, main- 
tain aircraft stability with the IFPCS and generate suffi- 
cient lift with the engine thrust. 

[0051] А simplified expression for the ground roll dis- 
tance is 


5, = Vio/2a 
where: 
Sg= takeoff ground roll 
Vro= takeoff velocity 


a = acceleration at 0.7 Vo 
= g*(Thrust - Drag - u,N)/Weight 


[0052] The above expression can be re-stated as fol- 
lows: 
S Pro 
ГТ D " 
ww” 
[0053] At liftoff, drag is typically much lower than 


thrust and the normal force (N) is equal to the weight, 
while the rolling friction coefficient (u,) is typically 0.3. 
So the expression can be reduced to its dominate terms: 


Уто 


So = 2g(TIW) 


[0054] Using drag, thrust, and weight values of a typ- 
ical lightweight fighter, the relationship between speed, 
thrust to weight ratio (T/W) and takeoff distance is de- 
picted in Figure 12. 

[0055] The takeoff distance goes up by the square of 
the velocity, so the aircraft needs to takeoff at the lowest 
possible speed. The aircraft will takeoff when the follow- 
ing condition is met: 


C, 45 + Thrust X sin(a+5,) > Weight 


[0056] Further, the aircraft needs to be trimmed and 
accelerating, requiring the following two conditions to be 
met: 


Thrust X cos(a +57) > CpqS 


Thrust x sin(87) X Тару = CyASC 


Where: 
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C, is the aerodynamic lift coefficient at takeoff x 
q is the dynamic pressure (0.5pV2) 
where: 


p is the air density 
V is the takeoff velocity 


S is the wing reference area 

a is the takeoff angle of attack 

ó is the trust deflection angle 

Cp is the aerodynamic drag coefficient at takeoff a 
Tarm is the thrust moment arm (Хтнвигт - Хсс) 
См is the aerodynamic pitching moment coefficient 
at takeoff a 

с is the mean aerodynamic chord (MAC) 


[0057] The relationship between takeoff speed and 
angle of attack for a typical lightweight fighter is depicted 
in Figure 13. This shows that takeoff velocity varies ap- 
proximately with the square of the angle of attack capa- 
bility of the aircraft. Figure 13 has curves for a thrust 
deflection of zero and ten degrees down, indicating the 
benefit of being able to deflect the thrust during takeoff. 
The maximum allowable thrust deflection is limited by 
the need to trim the aircraft so that the pitching moment 
is zero. So the combined trends from Figures 12 and 13 
indicate that takeoff distance varies with the fourth pow- 
er of angle of attack capability. 

[0058] Although Figures 1-3 show use of a jump strut 
22, a ski jump ramp may be used in lieu thereof, or pos- 
sibly in combination therewith. The ski jump ramp works 
by rotating the velocity vector of the aircraft up and using 
the aircraft's momentum (rather than aerodynamic 
force) to lift it off the ground. This principle is exactly the 
same a human skier going over a bump in the snow and 
flying into the air, even though he has no wings. 
[0059] For this application, the aircraft will continue to 
rotate to a high angle of attack, between about 20° and 
50°. In this attitude the thrust will generate a significant 
portion of the needed lift force with very little thrust vec- 
toring, so the aircraft can remain trimmed. The aircraft 
will be stabilized (controlled) by the IFPCS, which will 
initially be primarily thrust vectoring. Then as the aircraft 
accelerates, the aerodynamic control surfaces will 
seamlessly take over control. 

[0060] Referring now to Figure 14, the takeoff se- 
quence of events is summarized: 


In step 1 the engine is throttled up to maximum pow- 
er and the brakes are released. 

In step 2 the aircraft accelerates to takeoff speed. 
The thrust vector angle is zero for maximum accel- 
eration. 

In step 3 the nose gear contacts the ski jump ramp 
and the nose of the aircraft begins to rotate up. The 
velocity vector is still parallel to the runway. 

In step 4 the main gear contacts the ski jump ramp. 
The nose continues to rotate up, but now the entire 
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aircraft is lifted up, also. So the velocity vector has 
been rotated up. With the main gear lifted above the 
runway, the aircraft is free to rotate to a higher angle 
of attack than its normal tailscrape angle. 

In step 5 the aircraft has cleared the ski jump ramp 
and its nose continues to rotate up to the maximum 
angle of attack, which is between the aircraft's nor- 
mal angle of attack and 70?. The thrust is vectored 
down to stop the rotation and to generate additional 
lift. The aircraft continues to accelerate to its normal 
climb speed. 


[0061] Referring now to Figure 15, a takeoff is illus- 
trated utilizing a jump strut 22 on the nose gear. In this 
embodiment, the ski jump ramp is not required. The ad- 
vantage ofthis embodimentis that all the necessary sys- 
tems are located on the aircraft 10. The disadvantage 
is that this embodiment will generally result in higher 
takeoff speeds and longer takeoff distances than the 
first mentioned embodiment. The takeoff sequence of 
events is summarized as follows: 


In step 1 the engine is throttled up to maximum pow- 
er and the brakes are released. 

In step 2 the aircraft accelerates to rotation speed, 
which will be about 1096 below the takeoff speed. 
The precise speed varies with the specific aircraft 
configuration and the weight of the payload the air- 
craft is carrying. When rotation speed is reached, 
the nose gear jump strut actuates. This causes the 
nose of the aircraft to pitch up, or rotate. Jump strut 
actuation will normally be automatically command- 
ed by the IFPCS, but could also be manually actu- 
ated by the pilot. 

In step 3, as the aircraft begins to rotate, the thrust 
is vectored down to generate lift. This down vector- 
ing of thrust will also generate a pitching moment 
that slows the rotation of the aircraft. The aircraft 
continues to accelerate to takeoff speed. 

In step 4 the aircraft has reached takeoff speed and 
the main gear lifts off the ground. The IFPCS will 
prevent the angle of attack from exceeding the tail 
scrape angle. The thrust continues to be deflected 
down. The thrust contribution to lift allows the air- 
craft to liftoff at a speed at or below stall speed. 

In step 5 the aircraft has cleared the runway and its 
nose continues to rotate up to the maximum angle 
of attack. The thrust is vectored down further to stop 
the rotation and to generate additional lift. The air- 
craft continues to accelerate to its normal climb 
speed. 


[0062] Referring now to Figure 16, an alternate em- 
bodiment is illustrated in which jump struts 34 are locat- 
ed on each main gear. As in the previous embodiment, 
the ski jump ramp is not required. Again, an advantage 
of this embodiment is that all the necessary systems аге 
located on the aircraft 10. The disadvantages are that 
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(1) this embodiment will generally result in higher takeoff 
speeds and longer takeoff distances than the first men- 
tioned embodiment (but shorter distances than the em- 
bodiment illustrated in Figure 15), and (2) precise timing 
is required for jump strut actuation. The takeoff se- 
quence of events is summarized as follows: 


In step 1 the engine is throttled up to maximum pow- 
er and the brakes are released. 

In step 2 the aircraft accelerates to rotation speed, 
which will be slightly less than the takeoff speed. 
The precise speed varies with the specific aircraft 
configuration and the weight of the payload the air- 
craft is carrying. When rotation speed is reached, 
the thrust is vectored up. This causes the nose of 
the aircraft to pitch up, or rotate. 

In step 3, as the aircraft reaches a specified angle 
of attack, the IFPCS actuates the jump struts. The 
angle of attack for actuation is when the center of 
gravity of the aircraft passes exactly vertically 
above the main gear tire. Success using this ap- 
proach depends on the IFPCS precisely knowing 
the location of the aircraft's center of gravity just pri- 
or to the start of the takeoff sequence. 

In step 4, when the jump struts actuate in the man- 
ner of step 3, the aircraft lifts off with a vertical ve- 
locity of about 3.05 m (ten feet) per second. Further, 
the aircraft continues to rotate, with the rotation rate 
being unaffected by the jump strut actuation. As the 
aircraft clears the runway, the thrust is vectored 
down to generate additional lift and slow the rota- 
tion. The aircraft continues to accelerate. 

In step 5 the aircraft has cleared the runway and its 
nose continues to rotate up to the maximum angle 
of attack. The thrust is vectored down further to stop 
the rotation and to generate additional lift. The air- 
craft continues to accelerate to its normal climb 
speed. 


[0063] Referring now to Figure 17, an alternate air- 
craft 36 is illustrated in which the thrust moment arm is 
significantly reduced. The thrust moment arm is the dis- 
tance between the aircraft center of gravity and the vec- 
toring nozzle. (Figure 18 shows the aircraft 10 of Figures 
1-3 and 9-10, for the purposes of comparison. Aircraft 
10 has a conventional relatively long thrust moment 
arm.) The reduced thrust moment arm allows the thrust 
to be vectored down more, generating additional lift, 
without generating a large pitching moment that must 
be trimmed out. This enables an aircraft configured in 
this manner to takeoff and land at the same speed, but 
at a lower angle of attack. 

[0064] An aircraft configured as shown in Figure 17 
has the main landing gear located slightly behind the 
center of gravity. The shorter thrust moment arm results 
in a substantially increased tail scrape angle of 30? or 
greater. The increased tail scrape angle allows the air- 
craft to rotate to a higher angle of attack during takeoff 
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and landing. 

[0065] The combination of a significantly reduced 
thrust moment arm and significantly increased tail 
scrape angle can eliminate the need for a tail wheel, 
jump struts, and/or ski jump ramp. The disadvantage of 
this embodiment is that numerous other design con- 
straints may prevent the thrust moment arm from being 
reduced or the tail scrape angle from being increased 
sufficiently to allow extremely short takeoffs and land- 
ings. 

[0066] Referring now to Figure 19, the sequence of 
events for a takeoff utilizing the aircraft embodied in Fig- 
ure 17 is summarized. 


In step 1 the engine is throttled up to maximum pow- 
er and the brakes are released. 

In step 2 the aircraft accelerates to rotation speed. 
At rotation speed, the thrust is vectored up to cause 
the nose of the aircraft to rotate up. 

In step 3 the nose has rotated up to takeoff angle 
of attack, which will normally be 30? or greater. The 
thrust is deflected down to generate lift and slow the 
rotation. The aircraft continues to accelerate. 

In step 4 the aircraft lifts off the runway. The thrust 
is deflected to generate maximum lift, as well as 
trimming the aircraft. 

In step 5 the aircraft continues to rotate up to the 
maximum angle of attack. The thrust is vectored 
down to stop the rotation and to generate additional 
lift. The aircraft continues to accelerate to its normal 
climb speed. 


[0067] Referring now to Figure 20, the sequence of 
events for a landing utilizing the aircraft of the Figure 17 
embodiment is summarized. 


In step 1 the landing gear is extended and the air- 
craft is pitched up to a high angle of attack, steady- 
state post stall approach using the IFPCS. The air- 
craft is stabilized on a glide slope of about -4? at a 
speed between about 111 and 185 Km/h (60 and 
100 kts). Atthis speed, the aerodynamic control sur- 
faces are ineffective, so stability is maintained with 
the thrust vectoring system. At the approach pitch 
attitude, the thrust is vectored down as far as pos- 
sible to generate lift, while maintaining trim (no 
pitching moment). 

In step 2, the aircraft contacts the ground with the 
main landing gear. The thrust is vectored from side- 
to-side (yaw) as needed to maintain the aircraft in 
a straight line down the runway. The thrust is also 
vectored up to slow the rotation of the aircraft 

In step 3 the aircraft has rotated down until the nose 
landing gear has contacted the ground. The anti- 
lock brakes on the main landing gear are automat- 
ically actuated through a switch that senses nose 
gear ground contact. If a thrust reversing system is 
employed (not essential for the present invention) 


10 


15 


20 


25 


30 


35 


40 


45 


50 


55 


itis actuated at this time. Aircraft steering is accom- 
plished using the nose landing gear. 


[0068] Obviously, many modifications and variations 
ofthe present invention are possible in light of the above 
teachings. It is, therefore, to be understood that, within 
the scope of the appended claims, the invention may be 
practiced otherwise than as specifically described. 


Claims 


1. Asystem for enabling an aircraft (10) to accomplish 
extremely short takeoffs and landings, comprising: 


a)anintegrated flight propulsion control system 
(20) comprising a multi-axis thrust vectoring 
system (21) and a control feedback system 
connected to said multi-axis thrust vectoring 
system (21) and to aerodynamic control surfac- 
es for providing enhanced stability and control 
authority in flight regimes associated with take- 
offs and landings; 

b) a takeoff system, comprising means for ro- 
tating an aircraft nose and velocity vector up- 
wardly below stall speed to a high angle of at- 
tack of said aircraft (10) in a range between a 
tail scrape angle of said aircraft (10) and 70°; 
c) a landing system, comprising means for de- 
rotating the aircraft from a high angle of attack 
in a range of between 40? and 70? to a main 
gear touchdown angle of attack sufficiently low 
to avoid scraping the tail of the aircraft; and 

d) a high thrust-to-weight propulsion system 
(26) connected to said integrated flight propul- 
sion control system (20) for providing sufficient 
lift to support the aircraft (10) at the desired 
takeoff and landing speeds. 


2. The system of claim 1, wherein said aerodynamic 
control surfaces comprise conventional aerody- 
namic control surfaces. 


3. The system of claim 2, wherein said control feed- 
back system simultaneously controls said multi-ax- 
is thrust vectoring system (21), said conventional 
aerodynamic control surfaces, any engine inlets, 
any landing gear jump struts (22, 28), and any tail 
wheel assembly (24) of the aircraft (10). 


4. The system of claim 1, wherein said means for ro- 
tating an aircraft nose and velocity vector upwardly 
comprises a ski-jump ramp supported by a takeoff 
surface. 


5. The system of claim 1, wherein said means for ro- 
tating an aircraft nose and velocity vector upwardly 
comprises a jump strut (22) of a nose gear (16) of 
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a tricycle landing gear actuatable by said integrated 
flight propulsion control system (20). 


The system of claim 1, wherein said means for ro- 
tating an aircraft nose and velocity vector upwardly 
comprises thrust vectoring of said multi-axis thrust 
vectoring system (21). 


The system of any of the preceding claims, wherein 
said means for rotating are adapted to rotate said 
aircraft nose and velocity vector upwardly below 
stall speed to a high angle of attack of said aircraft 
(10) in a range between 20? and 50°. 


The system of claim 1, wherein said system further 
comprising a jump strut (34) of a main gear (16) of 
a tricycle landing gear of said aircraft (10). 


The system of claim 8, wherein said jump strut (34) 
is actuatable by said integrated flight propulsion 
control system (20). 


The system of claim 1, wherein said means for de- 
rotating the aircraft comprises a tail wheel assembly 
(24) attached to the rear of the aircraft's fuselage 
(12). 


The system of claim 10, wherein said tail wheel as- 
sembly (24) comprises a castoring wheel assembly 
(30). 


The system of claim 10 or 11, wherein said tail wheel 
assembly (24) comprises an actively controlled 
strut (28) being controlled and modulated by said 
integrated flight propulsion control system (20). 


An aircraft (10) capable of achieving extremely 
short takeoffs and landings, comprising: 


a) a fuselage (12); 

b) a wing (14) mounted to said fuselage (12); 
c) tricycle landing gear mounted to said fuse- 
lage (12); and 

d) a system for enabling an aircraft to accom- 
plish extremely short takeoffs and landings as 
set forth in any of the preceding claims. 


The aircraft of claim 13, wherein said tricycle land- 
ing gear comprises a nose gear (16) and two main 
gear (18). 


The aircraft of claim 14, wherein said two main gear 
(18) are attached to the wing (14). 


The aircraft of any of claims 13 to 15, wherein said 
fuselage (12) and said landing gear are arranged 
as to provide a tail scrape angle between 10? and 
30°. 
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17. Theaircraft of claim 14 or 15, wherein said two main 


gear (18) are arranged behind the center of gravity 
of the aircraft, and wherein said fuselage (12) and 
said landing gear are arranged as to provide a tail 
scrape angle of 30? or greater. 


18. A method of flying an aircraft (10) capable of ac- 


complishing extremely sort takeoffs and landings, 
said aircraft (10) comprising a tricycle landing gear 
having a nose gear (16) and two main gear (18), 
said aircraft (10) having a tail scrape angle between 
10? and 30°, said method comprising the steps of: 


a) taking off by rotating an aircraft nose and ve- 
locity vector upwardly below stall speed; 

b) deflecting the aircraft thrust downward to 
generate lift and stop said rotation, said rotation 
being stopped at an angle of attack between 
the tail scrape angle and 70°; 

с) controlling the aircraft attitude using an inte- 
grated flight propulsion control system (20) 
comprising a multi-axis thrust vectoring system 
(21) and a control feedback system connected 
to said multi-axis thrust vectoring system (21) 
and to aerodynamic control surfaces for provid- 
ing enhanced stability and control authority in 
flight regimes associated with takeoffs and 
landings; 

d) accelerating the aircraft (10) to a normal 
flight speed; 

е) pitching the aircraft (10) to a high angle of 
attack attitude, in a range between 40? and 70°; 
for approach to landing, using said integrated 
flight propulsion control system (20); 

f) controlling the aircraft (10) in the high angle 
of attack attitude using said integrated flight 
propulsion control system (20); 

9) applying sufficient thrust to cause the aircraft 
(10) to have a descent rate of 3.05 m (10 feet) 
per second or less; 

h) maintaining said high angle of attack attitude 
and descent rate until ground contact; 

i) de-rotating the aircraft (10) from said high an- 
gle of attack; 

j) deflecting the thrust upward, with the aircraft's 
main gear (18) on the ground, to slow the de- 
rotation rate of the aircraft (10) to prevent dam- 
age to the nose gear (16). 


19. The method of claim 18, wherein said ground con- 


tact in step h) is first made by a tail wheel assembly 
(24) of the aircraft (10), and wherein said step i) 
comprises the steps of: 


(i) de-rotating the aircraft (10) from said high 
angle of attack to a main gear touchdown angle 
of attack using said tail wheel assembly (24); 

(11) contacting the ground with the main gear 
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(18) of the aircraft (10); and 
(iii) continuing de-rotation of the aircraft (10). 


The method of claim 18, wherein said ground con- 
tact in step h) is first made by the main gear (18) of 
the aircraft (10), and wherein said step i) comprises 
de-rotating the aircraft (10) from said high angle of 
attack while contacting the ground with the main 
gear (18) of the aircraft (10). 


The method of any of claims 18 to 20, wherein said 
rotation of step b) is stopped at an angle of attack 
between 20? and 50°. 


The method of any of claims 18 to 21, further com- 
prising the step of: 


k) reversing the thrust upon nose gear contact 
with the ground. 


Patentansprüche 


1. 


2. 


Ein System, um es einem Flugzeug (10) zu ermóg- 
lichen extrem kurze Starts und Landungen zu be- 
werkstelligen, das Folgendes aufweist: 


a) ein integriertes Flugantriebssteuersystem 
(20), das ein mehrachsiges Schubvektorsy- 
stem (21) und ein Steuerrückkoppelungsy- 
stem, das mit dem mehrachsigen Schubvektor- 
System (21) und den aerodynamischen Rudern 
bzw. Steuerflachen verbunden ist, um eine ver- 
besserte Stabilitat und Steuerkontrolle unter 
Flugbedingungen, die mit Starts und Landun- 
gen verbunden sind, vorzusehen; 

b) ein Startsystem, das Mittel zum Drehen einer 
Flugzeugnase und eines Geschwindigkeits- 
vektors nach oben unterhalb der Strómungsab- 
rissgeschwindigkeit bis zu einem hohen An- 
stellwinkel des Flugzeugs (10) im Bereich zwi- 
schen einem Heckbodenberührungswinkel des 
Flugzeugs (10) und 70°, aufweist; 

C) ein Landesystem, das Mittel zum Gegendre- 
hen des Flugzeugs von einem hohen Anstell- 
winkel in einem Bereich zwischen 40? und 70? 
zu einem Hauptfahrwerkaufsetzwinkel, der 
ausreichend gering ist, um eine Bodenberüh- 
rung bzw. ein Schleifen des Hecks des Flug- 
zeugs zu vermeiden; und 

d) ein Antriebssystem (26) mit hohem Schub- 
zu-Gewicht-Verháltnis, das mit dem integrier- 
ten Flugantriebssteuersystem (20) verbunden 
ist, um ausreichend Auftrieb vorzusehen, um 
das Flugzeug (10) bei erwünschten Start- und 
Landegeschwindigkeiten zu tragen. 


System детаб Anspruch 1, wobei die aerodynami- 
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schen Steuerfláchen herkómmliche aerodynami- 
sche Steuerflachen aufweisen. 


System детаб Anspruch 2, wobei das Steuerrück- 
koppelungsystem gleichzeitig das mehrachsige 
Schubvektorsystem (21), die herkómmlichen aero- 
dynamischen Steuerflächen, jegliche Trieb- 
werkseinlásse, jegliche Landefahrwerkab- 
sprungstreben bzw. -fahrwerkstützen (22, 28) und 
jegliche Heckradanordnung (24) des Flugzeugs 
(10) steuert. 


System gemäß Anspruch 1, wobei die Mittel zum 
nach oben Drehen der Flugzeugnase und des Ge- 
schwindigkeitsvektors eine Schanze, getragen von 
einer Startflache, aufweisen. 


System gemäß Anspruch 1, wobei die Mittel zum 
nach oben Drehen der Flugzeugnase und des Ge- 
schwindigkeitsvektors eine Fahrwerkabsprungstüt- 
ze bzw. Absprungstrebe (22) eines Bugfahrwerk 
(16) eines dreirádrigen Fahrwerks aufweisen, die 
durch das integrierte Flugantriebssteuersystem 
(20) betátigbar ist. 


System gemäß Anspruch 1, wobei die Mittel zum 
nach oben Drehen der Flugzeugnase und des Ge- 
schwindigkeitsvektors eine Schubvektorsteuerung 
eines mehrachsigen Schubvektorsystems (21) auf- 
weisen. 


System gemäß einem der vorhergehenden Ansprü- 
che, wobei die Mittel zum Drehen angepasst sind, 
um die Flugzeugnase und den Geschwindigkeits- 
vektor nach oben unterhalb der Strómungsabriss- 
geschwindigkeit zu drehen, und zwar zu einem ho- 
hen Anstellwinkel des Flugzeugs (10) in einem Be- 
reich zwischen 20? und 50°. 


System gemäß Anspruch 1, wobei das System fer- 
ner eine Absprungstrebe (34) eines Hauptfahr- 
werks (16) eines dreirádrigen Landefahrwerks des 
Flugzeugs (10) aufweist. 


System gemäß Anspruch 8, wobei die Ab- 
sprungstrebe (34) durch das integrierte Flugan- 
triebssteuersystem (20) betatigbar ist. 


System gemäß Anspruch 1, wobei die Mittel zum 
Gegendrehen des Flugzeugs eine Heckradanord- 
nung (24) aufweisen, die am Heck des Flugzeug- 
rumpfes (12) angebracht sind. 


System gemäß Anspruch 10, wobei die Heckradan- 
ordnung (24) eine Laufradanordnung (30) aufweist. 


System gemäR Anspruch 10 oder 11, wobei die 
Heckradanordnung (24) eine aktiv gesteuerte Stre- 
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be bzw. Stütze (28) aufweist, die durch das inte- 
grierte Flugantriebssteuersystem (20) gesteuert 
und moduliert wird. 


Ein Flugzeug (10), das imstande ist, extrem kurze 
Starts und Landungen zu bewerkstelligen, das Fol- 
gendes aufweist: 


a) einen Rumpf (12); 

b) einen Flügel (14), der an dem Rumpf (12) 
angebracht ist; 

C) ein dreirádriges Fahrwerk, das an dem 
Rumpf (12) angebracht ist; und 

d) ein System, um es einem Flugzeug zu er- 
móglichen, extrem kurze Starts und Landun- 
gen детаб einem der vorhergehenden Ап- 
sprüchen zu bewerkstelligen. 


Flugzeug gemäß Anspruch 13, wobei das dreiräd- 
rige Fahrwerk ein Bugfahrwerk (16) und zwei 
Hauptfahrwerke (18) aufweist. 


Flugzeug gemäß Anspruch 14, wobei die beiden 
Hauptfahrwerke (18) an dem Flügel (14) ange- 
bracht sind. 


Flugzeug детаб einem der Ansprüche 13 bis 15, 
wobei der Rumpf (12) und das Fahrwerk ange- 
bracht sind, um einen Heckbodenberührungswinkel 
zwischen 10? und 30? vorzusehen. 


Flugzeug gemäß Anspruch 14 oder 15, wobei die 
beiden Hauptfahrwerke (18) hinter dem Schwer- 
punkt des Flugzeugs angeordnet sind, und wobei 
der Rumpf (12) und das Fahrwerk angeordnet sind, 
um einen Heckbodenberührungswinkel von 30? 
oder mehr vorzusehen. 


Ein Verfahren zum Fliegen eines Flugzeugs (10) 
das in der Lage ist, extrem kurze Starts und Lan- 
dungen zu bewerkstelligen, wobei das Flugzeug 
(10) ein dreirádriges Fahrwerk mit einem Bugfahr- 
werk (16) und zwei Hauptfahrwerken (18) aufweist, 
und wobei das Flugzeug (10) einen Heckbodenbe- 
rührungswinkel zwischen 10? und 30? besitzt, und 
wobei das Verfahren die folgenden Schritte auf- 
weist: 


a) Starten durch nach oben Drehen einer Flug- 
zeugnase und eines Geschwindigkeitsvektors 
unterhalb der Strómungsabrissgeschwindig- 
keit; 

b) Ablenken des Flugzeugschubs nach unten, 
um einen Auftrieb zu erzeugen und um die Dre- 
hung anzuhalten, wobei die Drehung bei einem 
Anstellwinkel zwischen dem Heckbodenberüh- 
rungswinkel und 70? angehalten wird; 

C) Steuern der Flugzeuglage durch Verwenden 
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eines integrierten Flugantriebssteuersystems 
(20), das ein mehrachsiges Schubvektorsy- 
stem (21) und ein Steuerrückkoppelungsystem 
aufweist, das mit dem mehrachsigen Schub- 
vektorsystem (21) und den aerodynamischen 
Steuerflachen verbunden ist, um eine verbes- 
serte Stabilität und Steuerkontrolle unter Flug- 
bedingungen vorzusehen, die mit Starts und 
Landungen verbunden sind; 

d) Beschleunigen des Flugzeugs (10) bis auf 
eine normale Fluggeschwindigkeit; 

е) Drehen des Flugzeugs (10) bis zu einer Flug- 
lage mit hohem Anstellwinkel, in einem Bereich 
von 40? und 70? für den Landeanflug unter Ver- 
wendung des integrierten Flugantriebsteue- 
rungssystems (20); 

f) Steuern des Flugzeugs (10) in einer Fluglage 
mit hohem Anstellwinkel unter Verwendung 
des integrierten Flugantriebsteuerungssy- 
stems (20); 

g) Anwenden von ausreichend Schub, um das 
Flugzeug (10) zu veranlassen, eine Sinkrate 
von 3,05 m (10 Fuß) pro Sekunde oder weniger 
aufzuweisen; 

h) Beibehalten der Fluglage mit hohem Anstell- 
winkel und der Sinkrate bis zum Bodenkontakt; 
i) Gegendrehen des Flugzeugs (10) aus dem 
hohen Anstellwinkel; 

j) Ablenken des Schubs nach oben, wobei das 
Hauptfahrwerk (18) des Flugzeugs auf dem Bo- 
den ist, um die Gegendrehrate des Flugzeugs 
(10) zu verlangsamen, um Schaden an dem 
Bugfahrwerk (16) zu verhindern. 


Das Verfahren gemäß Anspruch 18, wobei der Bo- 
denkontakt in Schritt h) zunächst durch die Heck- 
radanordnung (24) des Flugzeugs (10) erfolgt, und 
wobei der Schritt i) die folgenden Schritte aufweist: 


(i) Gegendrehen des Flugzeugs (10) von dem 
hohen Anstellwinkel zu einem Hauptfahr- 
werkaufsetzwinkel unter Verwendung der 
Heckradanordnung (24); 

(ii) Berühren des Bodens mit dem Hauptfahr- 
werk (18) des Flugzeugs (10); und 

(iii) Fortsetzen der Gegendrehung des Flug- 
zeugs (10). 


Das Verfahren gemäß Anspruch 18, wobei der Bo- 
denkontakt in Schritt h) zunächst durch das Haupt- 
fahrwerk (18) des Flugzeugs (10) erfolgt, und wobei 
Schritt i) das Gegendrehen des Flugzeugs (10) von 
dem hohen Anstellwinkel aufweist, und zwar wäh- 
rend Bodenkontaktes des Hauptfahrwerks (18) des 
Flugzeugs (10). 


Das Verfahren gemäß einem der Ansprüche 18 bis 
20, wobei die Drehung des Schritts b) bei einem An- 
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Stellwinkel zwischen 20° und 50° angehalten wird. 


22. Das Verfahren детаб einem der Anspruch 18 bis 


21, das ferner den folgenden Schritt aufweist: 


k) Umkehren des Schubs bei Kontakt des Bug- 
fahrwerks mit dem Boden. 


Revendications 


Systéme destiné à permettre à un avion (10) d'ef- 
fectuer des décollages et des atterrissages extré- 
mement courts, comprenant : 


a) un systéme de commande de propulsion de 
vol intégré (20) comprenant un systéme 
d'orientation de poussée à axes multiples (21) 
et un systéme de réaction de commande con- 
necté audit systéme d'orientation de poussée 
à axes multiples (21) et à des gouvernes pour 
assurer une stabilité et une capacité de com- 
mande améliorées dans les régimes de vol as- 
Sociés aux décollages et aux atterrissages ; 

b) un systéme de décollage comprenant un 
moyen destiné à mettre en rotation la partie 
avant de l'avion et le vecteur vitesse vers le 
haut sous la vitesse de décrochage à un angle 
d'attaque élevé dudit avion (10) compris entre 
un angle de frottement de la partie arriére dudit 
avion (10) et 70? ; 

c) un système d'atterrissage comprenant un 
moyen destiné à faire effectuer une dérotation 
à l'avion d'un angle d'attaque élevé compris en- 
tre 40? et 70? à un angle d'attaque de prise de 
contact du train principal suffisamment bas 
pour éviter le frottement de la partie arriére de 
l'avion ; et 

d) un systéme de propulsion à rapport pous- 
sée-poids élevé (26) connecté audit systéme 
de commande de propulsion de vol intégré (20) 
pour fournir une portance suffisante pour sup- 
porter l'avion (10) aux vitesses de décollage et 
d'atterrissage souhaitées. 


Systéme selon la revendication 1, dans lequel les- 
dites gouvernes comprennent des gouvernes clas- 
siques. 


Systéme selon la revendication 2, dans lequel ledit 
systéme de réaction de commande commande si- 
multanément ledit systéme d'orientation de pous- 
sée à axes multiples (21), lesdites gouvernes clas- 
siques, toute entrée d'air moteur, toute jambe téles- 
copique de train d'atterrissage (22, 28), et tout as- 
semblage formant roulette de queue (24) de l'avion 
(10). 
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Système selon la revendication 1, dans lequel ledit 
moyen destiné à mettre en rotation la partie avant 
d'un avion et le vecteur vitesse vers le haut com- 
prend une rampe de saut à ski supportée par une 
surface de décollage. 


Systéme selon la revendication 1, dans lequel ledit 
moyen destiné à mettre en rotation la partie avant 
d'un avion et le vecteur vitesse vers le haut com- 
prend une jambe de saut (22) d'un train avant (16) 
d'un train d'atterrissage tricycle pouvant étre action- 
né par ledit systeme de commande de propulsion 
de vol intégré (20). 


Système selon la revendication 1, dans lequel ledit 
moyen destiné à mettre en rotation la partie avant 
d'un avion et le vecteur vitesse vers le haut com- 
prend l'orientation de la poussée dudit systéme 
d'orientation de poussée à axes multiples (21). 


Systéme selon l'une quelconque des revendica- 
tions précédentes, dans lequel ledit moyen de mise 
en rotation est adapté pour mettre en rotation ladite 
partie avant de l'avion et le vecteur vitesse vers le 
haut sous la vitesse de décrochage à un angle d'at- 
taque élevé dudit avion (10) compris entre 20? et 
50°. 


Système selon la revendication 1, dans lequel ledit 
système comprend en outre une jambe de saut (34) 
d'un train principal (16) d'un train d'atterrissage tri- 
cycle dudit avion (10). 


Système selon la revendication 8, dans lequel ladite 
jambe de saut (34) peut être actionnée par ledit sys- 
tème de commande de propulsion de vol intégré 
(20). 


Système selon la revendication 1, dans lequel ledit 
moyen destiné à faire effectuer une dérotation à 
l'avion comprend un assemblage formant roulette 
de queue (24) fixé sur la partie arrière du fuselage 
(12) de l'avion. 


Système selon la revendication 10, dans lequel ledit 
assemblage formant roulette de queue (24) com- 
prend un assemblage formant roue orientable (30). 


Système selon la revendication 10 ou 11, dans le- 
quel ledit assemblage formant roulette de queue 
(24) comprend une jambe commandée de manière 
active (28) commandée et modulée par ledit systè- 
me de commande de propulsion de vol intégré (20). 


Avion (10) capable d'effectuer des décollages et 
des atterrissages extrêmement courts, 
comprenant : 
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a) un fuselage (12); 

b) une aile (14) montée sur ledit fuselage (12) ; 
с) un train d'atterrissage tricycle monté sur ledit 
fuselage (12) ; et 

d) un systéme destiné à permettre à un avion 
d'effectuer des décollages et des atterrissages 
extrémement courts selon l'une quelconque 
des revendications précédentes. 


Avion selon la revendication 13, dans lequel ledit 
train d'atterrissage tricycle comprend un train avant 
(16) et deux trains principaux (18). 


Avion selon la revendication 14, dans lequel lesdits 
deux trains principaux (18) sont fixés sur l'aile (14). 


Avion selon l'une quelconque des revendication 13 
à 15, dans lequel ledit fuselage (12) et ledit train 
d'atterrissage sont agencés de maniére à produire 
un angle de frottement de la partie arriére compris 
entre 10? et 30°. 


Avion selon la revendication 14 ou 15, dans lequel 
lesdits deux trains principaux (18) sont agencés 
derriére le centre de gravité de l'avion, et dans le- 
quel ledit fuselage (12) et ledit train d'atterrissage 
sont agencés de maniére à produire un angle de 
frottement de la partie arriére de 30? ou plus. 


Procédé de pilotage d'un avion (10) capable d'ef- 
fectuer des décollages et des atterrissages extré- 
mement courts, ledit avion (10) comprenant un train 
d'atterrissage tricycle comportant un train avant 
(16) et deux trains principaux (18), ledit avion (10) 
ayant un angle de frottement de la partie arrière 
compris entre 10° et 30°, ledit procédé comprenant 
les étapes consistant à : 


a) décoller en mettant en rotation la partie avant 
de l'avion etle vecteur vitesse vers le haut sous 
la vitesse de décrochage ; 

b) infléchir la poussée de l'avion vers le bas afin 
de générer une portance et interrompre ladite 
rotation, ladite rotation étant interrompue à un 
angle d'attaque compris entre l'angle de frotte- 
ment de la partie arrière et 70° ; 

c) commander l'attitude de l'avion à l'aide d'un 
systéme de commande de propulsion de vol in- 
tégré (20) comprenant un système d'orienta- 
tion de poussée à axes multiples (21) etun sys- 
téme de réaction de commande connecté audit 
systéme d'orientation de poussée à axes mul- 
tiples (21) et à des gouvernes pour assurer une 
stabilité et une capacité de commande amélio- 
rées dans les régimes de vol associés aux dé- 
collages et aux atterrissages ; 

d) faire accélérer l'avion (10) jusqu'à une vites- 
se de vol normale ; 
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e) incliner l'avion (10) suivant une attitude d'an- 
gle d'attaque élevé, compris entre 40? et 70°, 
pour une approche d'atterrissage, à l'aide dudit 
systéme de commande de propulsion de vol in- 
tégré (20) ; 

f) commander l'avion (10) dans l'attitude d'an- 
gle d'attaque élevé à l'aide dudit systéme de 
commande de propulsion de vol intégré (20) ; 
9) appliquer une poussée suffisante pour ame- 
ner l'avion (10) à avoir une vitesse de descente 
de 3,05 m (10 pieds) par seconde ou moins ; 
h) maintenir ladite attitude d'angle d'attaque 
élevé et ladite vitesse de descente jusqu'au 
contact avec le sol ; 

i) faire effectuer une dérotation à l'avion (10) à 
partir dudit angle d'attaque élevé ; 

j) infléchir la poussée vers le haut, le train prin- 
cipal (18) de l'avion se trouvant sur le sol, afin 
de ralentir la vitesse de dérotation de l'avion 
(10) pour empécher l'endommagement du train 
avant (16). 


Procédé selon la revendication 18, dans lequel ledit 
contact avec le sol à l'étape h) se fait d'abord par 
un assemblage formant roulette de queue (24) de 
l'avion (10), et dans lequel ladite étape i) comprend 
les étapes consistant à : 


(i) faire effectuer une dérotation à l'avion (10) 
dudit angle d'attaque élevé à un angle d'atta- 
que de prise de contact du train principal à 
l'aide dudit assemblage formant roulette de 
queue (24) ; 

(1) entrer en contact avec le sol avec le train 
principal (18) de l'avion (10) ; et 

(iii) continuer à faire effectuer une dérotation à 
l'avion (10). 


Procédé selon la revendication 18, dans lequel l'en- 
trée en contact avec le sol à l'étape h) se fait d'abord 
par le train principal (18) de l'avion (10), et dans le- 
quel ladite étape i) comprend l'étape consistant à 
faire effectuer une dérotation à l'avion (10) à partir 
dudit angle d'attaque élevé tout en entrant en con- 
tact avec le sol avec le train principal (18) de l'avion 
(10). 


Procédé selon l'une quelconque des revendications 
18 à 20, dans lequel ladite rotation de l'étape b) est 
interrompue à un angle compris entre 20? et 50°. 


Procédé selon l'une quelconque des revendications 
18 à 21, comprenant en outre l'étape consistant à : 


k) inverser la poussée au moment où le train 
avant entre en contact avec le sol. 
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